Time domain gust response analysis based on large order nonlinear aeroelastic models is computationally expensive. An approach to the reduction of nonlinear models for gust response prediction is presented in this paper. The method uses information on the eigenspectrum of the coupled system Jacobian matrix and projects the full order model, through a series expansion, onto a small basis of eigenvectors which is capable of representing the full order model dynamics. The novelty in the paper concerns the representation of the gust term in the reduced model in a manner consistent with standard synthetic gust denitions, allowing a systematic investigation of the inuence of a large number of gust shapes without regenerating the reduced model.
The wellestablished methods for gust load calculations are based on lin-14 ear aerodynamic models which are solved in the frequency domain. The use 15 of highdelity models based on computational uid dynamics (CFD) in the 16 research setting has been reported, for example, in Ref. (1) . ties are used to apply a disturbance in a time domain CFD calculation (2), 18 overcoming the problems associated with numerical dissipation of the distur- on the critical mode is included through a centre manifold approximation. 40 The method has been successfully applied to various test cases, including 41 the LCO prediction dominated by the motion of a shock wave (5) and a aircraft. The method has several strengths, namely: (i) it exploits informa-48 tion from the stability (utter) calculation for the development of a reduced 49 order model (ROM) for dynamic response analyses; (ii) linear or nonlinear 50 reduced models can be developed within the same framework; (iii) the re-51 duced model can be parameterised to avoid ROM regeneration; and (iv) the 52 ROM in statespace form is suitable for control design studies. 53 The current paper tackles the problem of how to introduce gust terms 
The transformation from Cartesian coordinates denes a curvilinear co-73 ordinate system from:
with the Jacobian determinant of the transformation given by:
The conserved variables,Ŵ, and the ux vectors,F,Ĝ andĤ, are then 76 dened as follows:
where the subscripts • x , • y and • z denote dierentiation with respect to x, 78 y and z, respectively. The terms F, G and H are given by:
The Euler equations are discretised on curvilinear multiblock bodyconforming 80 grids using a cellcentered nitevolume method. 
The deections δx s of the (linear) structure are dened at the set of physical discrete gust, for example, the disturbance at each grid point is dened by:
whereż is the vector of the vertical component of the mesh velocities, f is 126 the function dening these velocities, depending on the mesh point location, 127
x, and the time instant, t. For example, a discrete oneminuscosine gust, 128 for a single mesh point, is given by:
where t 0 is the nondimensional time at which the gust is set to begin, w g0 131 is the gust intensity, and H g is the nondimensional gust length (
where L g is the gust length and c is a characteristic length). In this paper, 133 the gust disturbance applied to each grid point in the mesh is dened as:
with one triplet ofẋ,ẏ andż for each mesh point. The full order nonlinear aeroelastic model is written in semidiscrete form.
137
Denote by w the ndimensional statespace vector arising from the uid and 138 structural spatial discretisation, which is conveniently partitioned into uid 139 and structural degrees of freedom:
The statespace equations in the general vector form are:
where
The system often also includes an independent parameter (freestream speed, 142 air density, altitude, etc.) which is varied to study stability of the equilibria. 
The block A f f represents the inuence of the uid unknowns on the uid Finally, the block A ss is the Jacobian of the structural equations with respect 186 to the structural unknowns.
187
Write the coupled system eigenvalue problem as:
where φ and λ are the complex eigenvector and eigenvalue, respectively.
189
Partition the eigenvector as: 
The rst two terms involve a matrixmatrix multiplication, and this can be shape (discrete and continuous).
230
The linear reduced model is then written as:
Before proceeding to analyse the computational cost and general predic- reporting the gust term, were found to be:
where Eq. (29), is essentially free.
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Step 
